
A synthetic pure compound of the formula selected 


from the group consisting of 



wherein 




(II) 


(III) 


(IV) 


T is acyl from 1 to 8 carbons, halogenated acyl from 1 


to 8 carbons, pttenyl substituted alkyl from 7 to 19 carbons, 
O-sulfate esteif , O-phosphate ester or hydrogen, 

X is /0-acyl from 1 to 8 carbons, O-alkyl from 1 to 3 
carbons, O-pHenyl substituted alkyl from 7 to 19 carbons, 
halogen or iroidoyl, 
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p is phenyl substituted a'lkyl from 7 to 19 carbons, 
O-sulfate ester, O-phosphate ester or hydrogen, 

sp is acyl from 1 to 8/carbons, O-sulfate ester, 
O-phosphate ester or hydrogen, 

Z is acyl from 1 to 8' carbons, phenyl substituted 
alkyl from 7 to 19 carbons, o/sulfate ester, O-phosphate ester 
or hydrogen, 

M is hydrogen or alkyl from 1 to 3 carbons , and 


N is an azide group. 


90. The synthetic pure compound of claim 89 wherein 
T is acetyl, monochloroacetyl, trichloroacetyl , 


benzyl, paramethoxybenzyl J or hydrogen, 

X is O-acetyl, 0/-methyl, O-benzyl, bromide or imidoyl, 
p is benzyl, 

sp is acetyl, Sulfate ester, phosphate ester or 

hydrogen, 

Z is benzyl, Acetyl or hydrogen, and 
M is hydrogen or methyl 


91. An syrythetic pure compound of the formula 
selected from the group consisting of 
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/ 


wherein 


hydrogen, 



(VI) 


(VI!) 


T is acyl from 1 to 8 carbons, halogenated acyl from 1 


to 8 carbons, phenyl substituted alkyl from 7 to 19 carbons, 
O-sulf ate ester , O-pttosphate ester or hydrogen , 

X is 0-acyl from 1 to 8 carbons, O-alkyl from 1 to 3 
carbons, O-phenyl substituted alkyl from 7 to 19 carbons, 
halogen, imidoyl or hydrogen, 


p is phofnyl substituted alkyl from 7 to 19 carbons or 
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sp is acyl from 1 to 8 carbons or hydrogen, 

Z is acyl from 1 to 8 carbons, phenyl substituted 

alkyl from 7 to 19 carbons or hydrogen, 

M is alkyl from 1 to 3/carbons or hydrogen, and 

N is azide or acyl-supstituted amine. 


92. The synthetic pure compound of claim 91 wherein 
T is acetyl, monochloroacetyl , trichloroacetyl, benzyl 
paramethoxybenzyl , or hydrogen, 


f 


X is O-acetyl, O-methyl, O-benzyl, bromide, imidoyl, 


O-propenyl, O-allyl or OH, 


p is benzyl, 

sp is benzyl, aceftyl, sulfate ester, phosphate ester 


or hydrogen, 


Z is benzyl, acetyl or hyrogen, 
M is hydrogen o/r methyl, and 
N is azide or RH-acetyl. 


93. A synthetic pure compound of the formula selected 
from the group consis/ting of 


Osp; 



Ux) 
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(X) 



wherein / 

T is acyl from 1 to 8 capons, halogenated acyl from 1 

to 8 carbons, phenyl substituted /alkyl from 7 to 19 carbons or 
hydrogen / 

X is O-acyl from 1 to 8 carbons, O-alkyl from 1 to 3 
carbons, O-phenyl substituted alkyl from 7 to 19 carbons, 
halogen or imidoyl, / 

sp is acyl from 1 tcy 8 carbons, phenyl substituted 
alkyl from 7 to 19 carbons or hydrogen, 

p is acyl from 1 to 8 carbons, phenyl substituted 
alkyl from 7 to 19 carbons or hydrogen, 

Z is acyl from 1 no 8 carbons, phenyl substituted 
alkyl from 7 to 19 carbons/ or hydrogen, 

M is hydrogen or /alkyl from 1 to 3 carbons, 

N is azide or NTOO-( phenyl substituted alkyl). 

94. The synthetic pure compound of claim 93 wherein 
T is acetyl , monochloroacetyl , trichloroacetyl , 
benzyl, paramethoxyberyzyl or hydrogen, 

X is O-acetyA, O-methyl, O-benzyl, bromide or imidoyl, 
p is acetyl/ benzoyl or benzyl, 

sp is acetyl, sulfate ester, phosphate ester, benzoyl 
or benzyl, / 

Z is acetyl, benzoyl or benzyl, 
iM is hydrfogen or methyl, and 
N is azifle, NHCOOCH.r H,- . 
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95. A synthetic pure compound of the formula 




0 s *"- 


(XJLl) 


/ 



Op- 



(xiii) 


wherein 


T is acyl f hal/ogenated acyl from 1 to 8 carbons, 


phenyl substituted alkyyl from 7 to 19 carbons or hydrogen, 

X is O-acyl yfrom 1 to 8 carbons, O-alkyl from 1 to 3 

carbons, O-phenyl styostituted alkyl from 6 to 7 carbons, 

halogen or imidoyl 

p is phei/yl substituted alkyl from 7 to 19 carbons or 

hydrogen, 

sp is icyl from 1 to 8 carbons or hydrogen, 
Z is acyl from 1 to 8 carbons, phenyl substituted 
alkyl from 7 uo 19 carbons or hydrogen, 

M is/ hydrogen or alkyl from 1 to 3 carbons, and 


N is azide. 
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96. The synthetic pure compound of claim 95 wherein 
T is acetyl, monochlo/roacetyl , trichloroacetyl, 

benzyl , paramethoxybenzyl f or /hydrogen 

X is O-acetyl, O-met/hyl, O-benzyl, bromide or imidoyl, 
p is benzyl , / 

sp is acetyl, sulf^:e ester, phosphate ester or 

hydrogen, / 

Z is benzyl, acety/l or hydrogen, and 
M is hydrogen or methyl. 

/ / 

97. A synthetic pure compound having the structure 
selected from the group consisting of 

A3CDEPG, C'DEFGHJ, AB, BC, CD, DE, EF, FG, GH, ABC, 
BCD, CDE, DEF, EFG, EFGN,| FGH, ABCD, BCDE, CDEF , DEFG, EFGH, 
ABCDE, BCDEF, CDEFG, DEFffiH, ABCDEF, BCDEFG, CDEFGH, or BCDEFGH 

wherein the letters A, B/, C, C 1 , D, E, F, G and H correspond to 
the structures of the formulas 



* I 

A B/C D E F G H 
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1 



L 



wherein / 

T is acyl f rom /l to 8 carbons r halogenated acyl from 1 

to 8 carbons, phenyl substituted alkyl from 7 to 19 carbons or 

hydrogen, / 

X is O-acyl from 1 to 8 carbons, O-alkyl from 1 to 3 
carbons, O-phenyl substituted alkyl from 7 to 19 carbons, 
halogen or imidoyl, / 
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p is phenyl substituted alkyl from 7 to 19 carbons or 

hydrogen , 

sp is acyl from 1 to 8 carbons or hydrogen, 
M is alkyl or hydrogen , /and 
N is azide, or phenyl substituted amino. 


99. The synthetic puyre compound of claim 98 wherein 
T is acetyl, monoch^oroacetyl , tr ichloroacetyl , 
benzyl, paramethoxybenzyl ok hydrogen, 

X is O-acetyl, O-methyl, O-allyl, O-propenyl, 


0- 


benzyl, bromide or imidoyl, 

p is benzyl or Wydrogen, 


sp is acetyl, s/ilfate ester, phosphate ester or 

hydrogen, 

M is hydrogen/or methyl, and 
N is azide, i/h acetyl, NHCOO-acetyl or 

NHCOOCH 2 C 6 H 5 . 


100. The synthetic pure compound of claim 90, 92, 94 
or 96 wherein sp is sulfate ester or phosphate ester and N is 
NH-acetyl or NHS(6_. 




101. A synthetic pure compound of the formula selected 
from the group consisting of 



(XXV) 


(XXVI) 


(XXVII) 
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(XXXIII) 


wherein N is NH-ficyl or NHSO 


-14- 


i 


p is benzyl or hydrogen, 

sp is SO^or H, and its pharmaceutical^ 


acceptable salts. 


102. The synthetic pure compound of claim 101 wherein 


p is hydrogen. 


sp is S0 3# 


103. The synthetic pure compound of claim 101 wherein 


104. The syntheti 


/6I 

pure compound of claim^±-0±4~ wherein 


sp is S0 3 and p is H. 


105. The synthetic pure compound of claims 82, 91, 93, 


95 wherein at least one 


p, sp, Z , or T is 
ester with the exclusion of 


glucosamine -methyl-D-glucu ronic acid or 2-N-acetyl-6-0- 
_ sulf ate-D-glucosamine-methy L-D-glucuronic acid . 


1, O-sulf ate ester or O-phosphate 
2-N-sulf ate-6-O-sulf ate-D- 



. A synthetic pure compound of the formula 


f + COO"^ + 


-A' I 



l\OH 


OSO'Mi AoAOH 



NHSO"Mi 
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An antithrombotic pharmaceutical composition 


which comprises a pharmaceutical^ acceptable carrier and the 
compound of claim ^ip- 


108. An antithrombotic/ pnarmarcrett-fei^aJ — compos it± on 


which comprises a pharmaceutical/ acceptable carrier and the 
compound of claim 101. 


109. The pharmaceutical composition of claim 108 
wherein the compound has the/ formula 



-OSO 


aso 3 Ao^\b 


Ml ISO. 



oso. 


!«i:;o 


3 


wherein / 

N is NHS0~ O tf NH-acyl and 
p is hydrog/en. 



/ 



110. The pharmaceutical composition of claim 108 
wherein the compound has the formula 




o 


/ 



OAOM 


Nil S0j/<f OSO"^ NHSCrAV" 

* 


(50) 


111. A therapeutic method of controlling thrombosis 
which comprises administering to a patient in a therapeutically 
effective amount the pharmaceutical composition of claim 107. 


112. A therapeutic method of controlling thrombosis 
which comprises administering to a patient in a therapeutically 
effective amount the pharmaceutical composition of claim 108. 


113. A therapeutic method of controlling thrombosis 
which comprises administering to a patient the pharmaceutical 
composition of claim 109. 
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114. A therapeutic 
which comprises administering 

composition of claim 110. 


od of controlling thrombosis 
a patient the pharmaceutical 


115. The method oj claim 112 wherein the composition 
is administered intravenously . 


116. The method of claim 112 wherein the composition 


is administered orally.. 


117. The method of claim 112 wherein the composition 
is administered subcuicaneously . 


118. The method of claim 112 wherein the composition 


is administered recfcally. 


119. A pharmaceutical composition for the prophylaxis 
and treatment of thrombosis which comprises a pharmaceutical^ 
acceptable carrier, the compound of claim 101 and a veinotonic 
or thrombolytic /agent. 


120. /The composition of claim 119 wherein the 
veinotonic on thrombolytic agent is dihydroergotamine , 
nicotinic acjid salt or urokinase. 
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121. A synthetic pure compound which comprises a chain 
of from 2 to 12 saccharides having/the structure ( A-U ) n or 
(tf-A)n wherein 

n is 1 to 6 f 

A is a glucosamine or g&lactosamine and 

■ 

U is a glucuronic acid/or iduronic acid wherein the 
saccharides are linked to the Neighboring saccharide at the 1 
and 4 position. 


/ 


122. The synthetic /pure compound of claim having 

/ ^ 

the structure of a heparin o/r heparin sulfate fragments which 


comprises , 

cl — > 4a, al-*4b, a/l^> 4c and 
0 

bl — ► 4a linkage wfterein a is D-glucosamine, b is 
D-glucuronic acid and c is L-iduronic acid. 


123. A synthetic pure compound of the formula selected 
from the group consisting of 


COOM 




a 
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/ 
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* 


wherein 


T is hydrogen or a groug which can be replaced by a 


saccharide, 


X is OH or a group which can be replaced by a 


saccharide , 


N is a radical containing a nitrogen group, 

M is hydrogen, a sulfate group or a group which can be 


replaced by hydrogen, and 


R 


2 is the same or different and is hydrogen, acyl 
from 1 to 8 carbons, alkyl fnom 1 to 9 carbons or sulfate. 


124. A process for /the synthesis of oligosaccharides 
of the heparinic type, having D-glucosamine or uronic acid 
( D-glucuronic acid or L-idufronic acid) alternate moieties, or 
the reverse, comprising 2 Lo 12 of said moieties, which 


comprises : 


condensing /a D-glucosamine moiety (I) with an 


uronic acid moiety (II) 


cor ressponding to a D-glucuronic acid or a 


L-iduronic acid structure, of formulae: 


R'O 



COOM 



OR 


II 


OR 
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or, an uronic acid moiety (III) with $ D-glucosamine moiety 
(IV), having formulae: 


COOM 


R'O 




OR 


OR 


/ 


III 


IV 


wherein : 


the anomeric carbon is substituted by a reactive group X or 

OD, capable of reacting with the -OH group at the position 4 

of (II) to give a linkage between a D-glucosamine and a 

D-glucuronic or an L-iduronia acid, and between an L-iduronic 

acid and a D-glucosamine/ or/ a linkage with a 

stereospecif icity , between a D-glucuronic acid and a 

glucosamine, said X being api halogen and said -OD being an 

-O-imidoyl group or, together with the adjacent -0R n group, 

forming an orthoester , 

the R^ groups represent/ -OH protecting groups, at least one 

of the groups being different from the others, said groups 
being selected from an acyl, an alkyl, a substituted alkyl or 

an aryl radical, or fori two R^^ groups next to each other, a 
cetal or an acetal group, or R 1 an d r together form a 
1,6-anhydro bridge and/or two -OR^ groups in the glucosamines 
of formula IV form an/ epoxy function, 
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N is N-j or NHCOO-acyl or benzyl group, 
M is an alkyl or an aryl group,/ 

R and R 1 , identical or dif fererit, are selected from said R^ 
meanings, a mono or an oligosaccharide moiety with 
D-glucosamine or uronic acid u/nits as given above, whose 
anomeric carbon in the case or R, of position 4 in the case of 
R' are blocked by a group -Or removable in the presence of the 
other groups present on the/ units of the starting products to 
recreate an alcohol, T beyng selected from an allyl, a 
propenyl, an acyl, an hayogenated acyl or a p-methoxybenzoyl 
group with the proviso yhat R£R 1 10 saccharidic moieties, 

said T meanings, or / 

-Or is a symbol representing a reactive group-X or -OD, 

sequentially removing the R 1 groups, first to introduce 
functional groups or/specific positions as encountered in 
heparin, second to make free -OH groups on other specific 
positions, which simultaneously result in converting -N or 

-NH-COO acyl or t/enzy into -NH 2 , introducing a functional 
group on the amino radical, and removing M , with the proviso 
that the condensation reaction does not lead to the production 
of a disaccharide with a 2-N-sulphate or 

( 2-N-acetyl) /-6-O-sulphate-D-g lucosamine-me thy 1-D-gluc uronic 
acid structure. 
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